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Abstract
In this paper, we emphasize that a UV SUSY-breaking theory can be realized either linearly or
nonlinearly. Both realizations form the dual descriptions of the UV SUSY-breaking theory. Guided
by this observation, we find subtle identities involving the Goldstino field and matter fields in
the standard nonlinear realization from trivial ones in the linear realization. Rather complicated
integrands in the standard nonlinear realization are identified as total-divergences. Especially,
identities only involving the Goldstino field reveal the self-consistency of the Grassmann algebra.
As an application of these identities, we prove that the nonlinear Kahler potential without or with
gauge interactions is unique, if the corresponding linear one is fixed. Our identities pick out the
total-divergence terms and guarantee this uniqueness.
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1
As a possible extension of the Standard Model, supersymmetry (SUSY) has attracted
much attention over several decades. SUSY has the important feature that it provides a
reasonable framework to circumvent the hierarchy problem. One may start the discussion of
SUSY theories from the SUSY algebra, which is the only viable graded Lie algebra consistent
with other requirements for a non-trivial relativistic quantum field theory. For any field A,
the N=1 SUSY algebra requires (for review, see [1],[2],[3])
(δηδξ − δξδη)A = −2i
(
ησµξ¯ − ξσµη¯) ∂µA, (1)
where the infinitesimal SUSY transformation δξ is realized by the operator ξQ+ ξ¯Q¯ as
δξA =
(
ξQ+ ξ¯Q¯
)
A. (2)
Much has been discussed for SUSY models and phenomenological implications. Hopefully,
one is to see some SUSY signals in the running LHC experiment.
In order to be consistent with existing experimental measurements and to be of phe-
nomenological relevance, SUSY must be broken and broken spontaneously at the TeV scale.
According to the general theory of spontaneously symmetry breaking, this should lead to a
massless neutral Nambu-Goldstone fermion, the Goldstino field. To deal with the low energy
SUSY physics, it is expedient to study fields in the framework of nonlinear realization of
SUSY. In the nonlinear realization, vertices with Goldstino fields always carry at least one
space-time derivative, as one would have expected. So it is difficult to directly pick out the
total-divergence terms in the nonlinear actions. In the Appendix 2 of [4], a rather com-
plicated integrand related to Goldstino field was proven to be total-divergence via tedious
Fierz rearrangements. This total-divergence term simplifies the non-minimal contribution of
the Goldstino action. This feature brings us to study how to identify more total-divergence
terms in the nonlinear SUSY actions.
In this paper, we observe more identities in the nonlinear SUSY actions. We emphasize
that a UV SUSY-breaking theory could be realized either linearly or nonlinearly. Both
realizations form dual descriptions of the same UV SUSY-breaking theory. Keeping the dual
description in mind, the total-divergence terms in a linear SUSY theory can be transformed
into their nonlinear versions. We thus obtain intriguing identities about the Goldstino field
and matter fields in the standard nonlinear realization. Rather complicated integrands are
identified as total-divergences. One of these identities is exactly the one in the Appendix
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2 of [4] and other identities are first obtained. Moreover, we show that the identity in the
Appendix 2 of [4] reveals the self-consistency of the Grassmann algebra. As an application of
our identities, we prove presently the equivalence between some different kinds of nonlinear
Kahler potentials. The nonlinear Kahler potential without or with gauge interactions is
unique, if the corresponding linear one is fixed. Our identities pick out the total-divergence
terms and guarantee this uniqueness.
Primarily, we will discuss the standard nonlinear realization as first introduced in [5].
SUSY transformations of the Goldstino filed λ and the matter field ζ are as follows [1]

δξλα =
ξα
κ
− iκ (λσµξ¯ − ξσµλ¯) ∂µλα,
δξζ = −iκ
(
λσµξ¯ − ξσµλ¯) ∂µζ. (3)
It is easy to check that both equations in Eq (3) satisfy the closure relation Eq (1). This
nonlinear realization could be constructed from the linear one with the help of the standard
realization of the nonlinear SUSY [4],[6],[7]. It is based upon the following observation: with
the help of the nonlinear Goldstino field λ, a linear superfield Ωˆ(x, θ, θ¯) can be converted
into a set of nonlinear matter fields via1
Ω(x, θ, θ¯) = exp
[−κλ(x)Q − κλ¯(x)Q¯]× Ωˆ(x, θ, θ¯), (4)
where Qα and Q¯α˙ are generators of SUSY algebra realized in superspace
 Qα = ∂α + i
(
σµθ¯
)
α
∂µ,
Q¯α˙ = −∂α˙ − i (θσµ)α˙ ∂µ.
(5)
Since λ transforms according to the first equation in Eq (3) and Ωˆ(x, θ, θ¯) transforms accord-
ing to Eq (2), it is easy to prove that Ω(x, θ, θ¯) transforms according to the second equation
in Eq (3). Following these redefinitions of fields, any UV actions in linear SUSY-breaking
theories could be re-expressed in the language of nonlinear fields [4],[8]. This enables us
to construct dual descriptions of the same UV SUSY-breaking theory, which could be de-
scribed either linearly or nonlinearly. Both realizations have the same degrees of freedom.
The difference are in definitions of fields, which respect the SUSY algebra in their own ways.
1 In this paper, superfields and their components in the linear SUSY are hatted while their counterparts
in the nonlinear SUSY are not. We use the conventions of [1]. All symbols can be found in [8], if not
explicitly defined in this paper.
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Both realizations can be connected by the so-called standard realization of the nonlinear
SUSY [4],[6],[7]. To show this duality, we take the UV canonical Kahler potential as an
example. For a chiral superfield Φˆ in a linear theory, the canonical Kahler potential is
Scan =
´
d4xd4θΦˆ†Φˆ. After fields redefinitions2, one has SNLcan =
´
d4xd4θ detT detM Φ†Φ in
its dual nonlinear description [4],[8]. Both Scan and SNLcan have the same degrees of freedom
and describe the same physical process.
Interestingly, the canonical Kahler potential in linear theory may be written as
S ′can =
´
d4xd4θ 1
2
(
e−2iθσ
µθ¯∂µϕˆ†ϕˆ+ ϕˆ†e2iθσ
µ θ¯∂µϕˆ
)
by dropping possible total-divergence
terms. Rewriting S ′can in terms of nonlinear chiral superfields [4],[8], we obtain S ′NLcan =´
d4xd4θ 1
2
detT
(
detM+e
−2iθσµ θ¯△−µϕ†ϕ+ detM−ϕ†e2iθσ
µθ¯△+µϕ
)
. No doubt both Scan and
S ′can describe the same physical process. As dual descriptions, the nonlinear versions SNLcan
and S ′NLcan should describe the same physics too. However, the integrands of SNLcan and S ′NLcan
have quite different terms after integrating out the θ’s. In this paper, we will show that those
different terms can be identified as total-divergences. As an application of our identities, we
will show the equivalence between SNLcan and S ′NLcan in the end of this paper.
We start our discussion from Grassmann algebra in any linear theory, which is the simplest
case in our observations. Grassmann algebra requires the identity
´
d4xd2θ × 1 = 0. In its
dual description, this can be re-expressed in terms of the nonlinear fields as
ˆ
d4xd2θ det T detM+ × 1 = 0. (6)
Here det T detM+ is the Jacobian determinant of the transformation Eq (4), with T
ν
µ =
δνµ − iκ2∂µλσνλ¯+ iκ2λσν∂µλ¯ and M ν+µ = δνµ − 2iκθσνλ¯µ [4]. Explicitly,
det T = 1− iκ2 (∂µλσµλ¯− λσµ∂µλ¯) (7)
−κ4 (iǫµνργλσρλ¯∂µλσγ∂ν λ¯+ λ¯2∂µλσµν∂νλ+ λ2∂µλ¯σ¯µν∂νλ¯)
−iκ6λ2λ¯ (σ¯ρ∂ρλ∂µλ¯σ¯µν∂ν λ¯+ 2σ¯ν∂µλ∂ν λ¯σ¯ρµ∂ρλ¯)
−iκ6λ¯2λ (σρ∂ρλ¯∂µλσµν∂νλ+ 2σν∂µλ¯∂νλσρµ∂ρλ) ,
detM+ = 1− 2iκθσµλ¯µ + 4κ2θ2λ¯µσ¯νµλ¯ν , (8)
2 In order to get SUSY-breaking, the F-term of the linear chiral field Φˆ should develop a non-zero VEV
〈F 〉. The nonlinear Goldstino field can then be constructed from fields of the linear theory by setting the
fermionic component vanishing [9].
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with λµ = ∇µλ, λ¯µ = ∇µλ¯ and ∇µ = (T−1)νµ∂ν . Naively, one may expect κ8λ2λ¯2 terms in
det T by expanding T νµ directly. However, this term vanishes actually [10],[11],[12]. Inte-
grating out the θ’s, one has ˆ
d4x det T λ¯µσ¯
νµλ¯ν = 0. (9)
Starting with
´
d4xd2θ¯ × 1 = 0, one obtains another identity
ˆ
d4x det T λµσ
νµλν = 0, (10)
which is the conjugate of Eq (9).
Eq (10) tells us that the term det T λµσ
νµλν should be a total divergence term. So its
integration, which masquerades as a non-zero result, should vanish. In fact, this conclusion
was first shown in the Appendix 2 of [4], where det T λµσ
νµλν was proven to be a total
divergence term via tedious Fierz rearrangements. We comment that Eq (10) reveals the
self-consistency of Grassmann algebra. One starting point of the SUSY nonlinear realization
is to identify a Grassmannian coordinate ξ with the Goldstino field λ, namely ξ → κλ [1],[5].
Eq (4) is essentially a special shift θ′ = θ − κλ(x) in superspace. The shift-invariance of
Grassmann algebra demands both
´
d4xd2θ × 1 = 0 and ´ d4x′d2θ′ × 1 = 0, which leads to
Eq(9). This integral gives no contribution to any physical process. Its integrand would be
discarded when a Lagrangian of the Goldstino field is constructed [4].
Grassmann algebra also requires
´
d4xd4θ × 1 = 0 in a linear theory. This can also be
re-expressed in the nonlinear realization as
ˆ
d4xd4θ det T detM× 1 = 0, (11)
where M νµ = δ
ν
µ − iκθσν λ¯µ + iκλµσν θ¯ and
detM = 1 + iκ
(
λµσ
µθ¯ − θσµλ¯µ
)
(12)
−κ2 (iǫµνργθσρθ¯λµσγ λ¯ν + θ¯2λµσµνλν + θ2λ¯µσ¯µν λ¯ν)
+iκ3θ2θ¯
(
σ¯ρλρλ¯µσ¯
µν λ¯ν + 2σ¯
νλµλ¯ν σ¯
ρµλ¯ρ
)
+iκ3θ¯2θ
(
σρλ¯ρλµσ
µνλν + 2σ
νλ¯µλνσ
ρµλρ
)
.
Noticing that there is no θ2θ¯2 term in detM, just as there is no κ8λ2λ¯2 term in det T . So
Eq (11) leads to a trivial but self-consistent result.
From a linear chiral superfield Φˆ(x, θ, θ¯) = exp(iθσµθ¯∂µ)ϕˆ(x, θ) with ϕˆ(x, θ) = φˆ+
√
2θψˆ+
θ2Fˆ , a nonlinear Φ can be obtained via Eq (4) as Φ(x, θ, θ¯) = exp(iθσµθ¯△+µ )ϕ(x, θ), with
5
ϕ(x, θ) = φ +
√
2θψ + θ2F and △+µ = (M−1+ )µν(∇ν + κλαν∂α) [4],[8]. Here φ, ψ and F are
composites of φˆ, ψˆ, Fˆ and λ, whose explicit forms are governed by Eq (4). Starting from a
chiral field ϕˆ in the linear theory, one has
ˆ
d4xd2θ∂µϕˆ = 0. (13)
Rewriting this identity in terms of nonlinear fields, we have
ˆ
d4xd2θ det T detM+△+µϕ = 0. (14)
Being a matter field in the nonlinear realization, each component field of ϕ transforms into
itself and is independent of other fields. Thus Eq (14) contains actually three independent
identities 

´
d4xd2θ det T detM+△+µ (φ) = 0,´
d4xd2θ det T detM+△+µ (
√
2θψ) = 0,´
d4xd2θ det T detM+△+µ (Fθ2) = 0.
(15)
Explicitly, one has
ˆ
d4x det T 4κ2
(
λ¯ρσ¯
νρλ¯ν∇µφ+ 2λ¯µσ¯νρλ¯ρ∇νφ
)
= 0, (16)
ˆ
d4x det T
√
2κ
[
i(∇µψσν λ¯ν −∇νψσνλ¯µ) + 4κ2(λ¯ρσ¯νρλ¯νλµψ + 2λ¯µσ¯νρλ¯ρλνψ)
]
= 0, (17)
ˆ
d4x det T
[∇µF + 2iκ2F (λµσνλ¯ν − λνσνλ¯µ)] = 0. (18)
We now have three complicated integrands which are total-divergences. The corresponding
integrals vanish and do not contribute to any physical process. Having obtained these iden-
tities, the explicit forms of φ, ψ and F are irrelevant. φ, ψ and F could be any fundamental
or composite fields. From the linear identity
´
d4xd2θ¯∂µϕˆ
† = 0, three identities about φ†, ψ¯
and F † can be obtained. They are just conjugate identities of Eq (16), Eq(17) and Eq (18),
respectively.
More identities can be obtained following the same spirit.3 There should be more identi-
ties if one considers a general super-field Φˆ of nine independent component fields. Nine new
3 Identities with spinor indices in nonlinear theories can be derived from non-linearizing
´
d
4
xd
4
θDαΦˆ = 0
and
´
d
4
xd
4
θD¯α˙Φˆ = 0 in linear theories. Since they are not Lorentz scalars, thus of no help to constructing
nonlinear actions. We do not discuss them in this paper.
6
identities result from non-linearizing
´
d4xd4θ∂µΦˆ = 0 and they will be listed in Appendix.
As dual descriptions, those processes could be regarded as rewritten identities in the lan-
guage of the nonlinear fields. These identities are very complicated and hard to be obtained
via other methods. They all contain integrands that are total-divergences, where matter
fields can be either fundamental or composite. Thus, no new identities can be obtained
even if one starts with identities with more than one derivatives in the linear theory, such
as
´
d4xd4θ∂µ∂νΦˆ = 0.
In summary, Eq (9) only involves the Goldstino field. A nonlinear complex scaler field
φ, not matter fundamental or composite, obeys Eq (16), Eq (18), Eq (A7) and Eq (A10).
Correspondingly, a nonlinear complex scaler field φ† obeys the conjugate identities of them.
A nonlinear complex fermion field ψ, fundamental or composite, obeys Eq (17), Eq (A4) and
Eq (A9). Conjugate identities of Eq (17), Eq (A4) and Eq (A9) are concerning a nonlinear
complex fermion field ψ¯. For a nonlinear vector boson field νu, it should obey the same
identities as a scaler field should. Moreover, νu should obey Eq (A5) especially.
Our dual descriptions are only applicable to UV SUSY-breaking theories, which could
be described either linearly or nonlinearly. When some superpartners have masses much
higher than the typical energy scale of the concerned physical processes, they could be
integrated out. In contrast to the linear realization, heavy particles can be integrated out
without breaking SUSY in the nonlinear realization. The low energy spectrum does not
consist of complete supersymmetric multiplets, but all remaining fields respect the SUSY
algebra in a nonlinear fashion. We cannot construct dual descriptions for low energy effective
SUSY-breaking theories. However, our identities are still valid for low energy effective SUSY
actions. This is because of the same algebraic structure of the nonlinear SUSY realization. A
general nonlinear effective action, which is SUSY and gauge invariant, is given as [13],[14],[15]
Seff =
ˆ
d4x det T Leff(λµ, λ¯µ, φi,∇µφi,Fµν). (19)
Here the effective Lagrangian Leff can be expanded in the number of the Goldstino fields,
namely Leff = L(0)+L(1)+L(2)+.... The leading-order term L(0) is fixed by the Lagrangian of
MSSM while the high-order terms L(n) are essentially model dependent. To be variant under
nonlinear SUSY transformations, effective actions could be constructed order by order in the
number of Goldstino fields. In principle our new identities can simplify Leff by finding the
total-divergences, which masquerade as non-zero results. However, none such application
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has been seen because it is challenging to construct the most general Leff via this method.
As an application of these identities, we will prove presently the equivalence be-
tween the canonical Kahler potential SNLcan and S ′NLcan . Keeping the dual description in
mind, SNLcan and S ′NLcan should describe the same physics, since their linear versions Scan
and S ′can do. As discussed before, SNLcan =
´
d4xd4θ detT detM Φ†Φ while S ′NLcan =´
d4xd4θ 1
2
detT
(
detM+e
−2iθσµ θ¯△−µϕ†ϕ+ detM−ϕ†e2iθσ
µθ¯△+µϕ
)
in the nonlinear realization.
Integrating out the θ’s, one has
SNLcan =
ˆ
d4x detT
[
F †F +
1
2
φ∇µφ†µ +
1
2
φ†∇µφµ − 1
4
∇µ
(
φφµ†
)− 1
4
∇µ
(
φ†φµ
)
(20)
+
i
2
∇µψ¯σ¯µψ − i
2
ψ¯σ¯µ∇µψ + κ√
2
φ†µλνσ
µσ¯νψ +
κ√
2
φµλ¯ν σ¯
µσνψ¯
+
κ2
2
ǫµνργλµσγ λ¯ν
(
φφ†ρ − φ†φρ
)− iκ2φφ†µλνσµσ¯νρλ¯ρ + iκ2φ†φµλρσρνσµλ¯ν
+
κ√
2
λ¯µσ¯
µν∇νψ¯φ− κ√
2
λ¯µσ¯
µνψ¯∇νφ+ κ√
2
λµσ
µν∇νψφ† − κ√
2
λµσ
µνψ∇νφ†
+
iκ3√
2
(
λ¯µσ¯
µν λ¯νλρσ
ρψ¯ + 2λ¯ν σ¯
ρµλ¯ρλµσ
νψ¯
)
φ
− iκ
3
√
2
(
λµσ
µνλνψσ
ρλ¯ρ + 2λνσ
ρµλρψσ
ν λ¯µ
)
φ†
]
,
S ′NLcan =
ˆ
d4x detT
[
F †F +
1
2
φ∇µφ†µ +
1
2
φ†∇µφµ (21)
+
i
2
∇µψ¯σ¯µψ − i
2
ψ¯σ¯µ∇µψ + κ√
2
φ†µλνσ
µσ¯νψ +
κ√
2
φµλ¯ν σ¯
µσνψ¯
−2iκ2φφ†µλνσµσ¯νρλ¯ρ + 2iκ2φ†φµλρσρνσµλ¯ν
+
√
2κλ¯µσ¯
µν∇νψ¯φ+
√
2κλµσ
µν∇νψφ†
]
,
where φµ = ∇µφ+
√
2κψλµ. Taking
1
4
φφµ† as a composite field and using Eq (18), one hasˆ
d4x det T
[
1
4
∇µ
(
φφµ†
)]
=
ˆ
d4x det T
[
−iκ
2
2
φφµ†
(
λµσ
ν λ¯ν − λνσν λ¯µ
)]
. (22)
Taking iκ
4
√
2
φ(σµψ¯)α as a composite fermion field, Eq (17) leads toˆ
d4x det T
[
iκ3√
2
φ
(
λ¯ρσ¯
νρλ¯νλµσ
µψ¯ + 2λ¯µσ¯
νρλ¯ρλνσ
µψ¯
)]
(23)
=
ˆ
d4x det T
[
− κ
4
√
2
λ¯ν σ¯
ν∇µ
(
σµψ¯φ
)
+
κ
4
√
2
λ¯µσ¯
ν∇ν
(
σµψ¯φ
)]
.
Substituting Eq (22), Eq (23) and their conjugate identities back into SNLcan, we can obtain
S ′NLcan , as expected. The difference between SNLcan and S ′NLcan are indeed integrals over total
divergences.
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When coupled to gauge fields, the canonical Kahler potential in linear theory becomes
SVcan =
´
d4xd4θΦˆ†e2gVˆ Φˆ, where Vˆ is a vector superfield. The corresponding potential in the
standard nonlinear realization of SUSY is [4]
SV,NLcan =
ˆ
d4xd4θ detT detM Φ†e2gVΦ. (24)
Here V could be constructed from Vˆ by Eq (4). Vˆ and V cannot be put into the Wess-
Zumino gauge simultaneously. In this paper, V is chosen to be in Wess-Zumino gauge [8].
That is to say,
V = −θσµθ¯vµ + iθ2θ¯
(
χ¯− 1
2
κσ¯µσνλ¯µvν
)
− iθ¯2θ
(
χ− 1
2
κσµσ¯νλµvν
)
+
1
2
θ2θ¯2
(
D − κ2λµσνλ¯µvν
)
. (25)
Ref. [8] tells us that this nonlinear action could be given in another form as
S ′V,NLcan =
ˆ
d4xd4θ
1
2
detT
(
detM+e
−2iθσµθ¯△−µϕ†e2gUϕ+ detM−ϕ
†e2gUe2iθσ
µθ¯△+µϕ
)
, (26)
where U = exp(−iθσµθ¯△µ)V . S ′V,NLcan can be shown to be equivalent to SV,NLcan with the help
of Eq (22), Eq (23) and their conjugate identities, following the same step of identifying
S ′NLcan with SNLcan.
Now we turn to a general Kahler potential. Without gauge couplings, a general Kahler
potential in linear SUSY theory can be written as Sgen =
´
d4xd4θK(Φˆ†, Φˆ) or a different
form S ′gen =
´
d4xd4θ 1
2
[
K(e−2iθσµ θ¯∂µϕˆ†, ϕˆ) +K(ϕˆ†, e2iθσµθ¯∂µϕˆ)
]
up to total divergence terms.
For Sgen, its nonlinear version is [8]
SNLgen =
ˆ
d4xd4θ detT detMK(Φ†,Φ), (27)
Taylor expanding K(Φ†,Φ) in terms of θ and θ¯ and then using the substitution rules discussed
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in [8], the nonlinear action can be obtained exactly as
SNLgen =
ˆ
d4xd4θ detT
{
1
4
∇µφiµ∂K(φ
†, φ)
∂φi
+
1
4
∇µφ†iµ
∂K(φ†, φ)
∂φ
†
i
+
1
2
iκ2λµσν λ¯µφiν
∂K(φ†, φ)
∂φi
−1
2
iκ2λµσν λ¯µφ
†
iν
∂K(φ†, φ)
∂φ
†
i
+
√
2
2
κλµσ
µν∇νψi∂K(φ
†, φ)
∂φi
+
√
2
2
κλ¯µσ¯
µν∇νψ¯i∂K(φ
†, φ)
∂φ
†
i
+
1
2
iκ2λνσ
ν σ¯µσρλ¯µφiρ
∂K(φ†, φ)
∂φi
+
1
2
iκ2λ¯ν σ¯
νσµσ¯ρλµφ
†
iρ
∂K(φ†, φ)
∂φ
†
i
−1
2
κ2ǫµνργλµσγλ¯νφiρ
∂K(φ†, φ)
∂φi
+
1
2
κ2ǫµνργλµσγ λ¯νφ
†
iρ
∂K(φ†, φ)
∂φ
†
i
−
√
2
2
iκ3
∂K(φ†, φ)
∂φi
ψi
[
σρλ¯ρλµσ
µνλν + 2σ
νλ¯µλνσ
ρµλρ
]
−
√
2
2
iκ3
∂K(φ†, φ)
∂φ
†
i
ψ¯i
[
σ¯ρλρλ¯µσ¯
µν λ¯ν + 2σ¯
νλµλ¯ν σ¯
ρµλ¯ρ
]
+
1
2
i∇µψ¯iσ¯µψj ∂
2K(φ†, φ)
∂φ
†
i∂φj
+
√
2
2
κλµσ
ν σ¯µψjφ
†
iν
∂2K(φ†, φ)
∂φj∂φ
†
i
+
√
2
2
κλ¯µσ¯
νσµψ¯jφiν
∂2K(φ†, φ)
∂φi∂φ
†
j
−1
2
iψ¯iσ¯
µ∇µψj ∂
2K(φ†, φ)
∂φ
†
i∂φj
−
√
2
4
κλµσ
µσ¯νψjφ
†
iν
∂2K(φ†, φ)
∂φj∂φ
†
i
−
√
2
4
κλ¯µσ¯
µσνψ¯jφiν
∂2K(φ†, φ)
∂φi∂φ
†
j
+
1
2
κ2iǫµνργλµσγ λ¯νψ¯j σ¯ρψi
∂2K(φ†, φ)
∂φi∂φ
†
j
+ F †i Fj
∂2K(φ†, φ)
∂φ
†
i∂φj
− 1
2
φ
†
iµφ
µ
j
∂2K(φ†, φ)
∂φ
†
i∂φj
+
1
4
φiµφ
µ
j
∂2K(φ†, φ)
∂φi∂φj
+
1
2
κ2λµσ
µνλνψiψj
∂2K(φ†, φ)
∂φi∂φj
+
1
2
κ2λ¯µσ¯
µνλ¯νψ¯iψ¯j
∂2K(φ†, φ)
∂φ
†
i∂φ
†
j
+
1
4
φ
†
iµφ
†µ
j
∂K(φ†, φ)
∂φ
†
i∂φ
†
j
+
√
2
4
κλνσ
ν σ¯µψjφiµ
∂2K(φ†, φ)
∂φi∂φj
+
√
2
4
κλ¯ν σ¯
νσµψ¯jφ
†
iµ
∂2K(φ†, φ)
∂φ
†
i∂φ
†
j
+
1
2
iψkσ
µψ¯iφlµ
∂3K(φ†, φ)
∂φ
†
i∂φk∂φl
− 1
2
iψiσ
µψ¯kφ
†
lµ
∂3K(φ†, φ)
∂φi∂φ
†
k∂φ
†
l
+
√
2
4
iκλµσ
µψ¯iψkψl
∂3K(φ†, φ)
∂φ
†
i∂φk∂φl
−
√
2
4
iκψiσ
µλ¯µψ¯kψ¯l
∂3K(φ†, φ)
∂φi∂φ
†
k∂φ
†
l
− 1
2
ψ¯kψ¯lFi
∂3K(φ†, φ)
∂φi∂φ
†
k∂φ
†
l
− 1
2
ψiψjF
†
k
∂3K(φ†, φ)
∂φi∂φj∂φ
†
k
+
1
4
ψiψjψ¯kψ¯l
∂4K(φ†, φ)
∂φi∂φj∂φ
†
k∂φ
†
l
}
.
Here fields with indices in Latin letters i, j, k, l stand for different components while fields
with indices in Greek letters are defined as φµ = ∇µφ+
√
2κψλµ.
For S ′gen, its nonlinear version is [8]
S ′NLgen =
ˆ
d4xd4θ
1
2
detT
[
detM+K(e−2iθσµ θ¯△
−
µϕ†, ϕ) + detM−K(ϕ†, e2iθσµθ¯△
+
µϕ)
]
. (28)
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After expanding, one has
S ′NLgen =
ˆ
d4xd4θ detT
{
1
2
∇µφkµ∂K(φ
†, φ)
∂φk
+
1
2
∇µφ†kµ
∂K(φ†, φ)
∂φ
†
k
+iκ2λµσνλ¯µφkν
∂K(φ†, φ)
∂φk
− iκ2λµσνλ¯µφ†kν
∂K(φ†, φ)
∂φ
†
k
+
√
2κλµσ
µν∇νψk ∂K(φ
†, φ)
∂φk
+
√
2κλ¯µσ¯
µν∇νψ¯k ∂K(φ
†, φ)
∂φ
†
k
+iκ2λµσ
µσ¯νσρλ¯νφkρ
∂K(φ†, φ)
∂φk
+ iκ2λ¯µσ¯
µσν σ¯ρλνφ
†
kρ
∂K(φ†, φ)
∂φ
†
k
+
1
2
i∇µψkσµψ¯i∂
2K(φ†, φ)
∂φk∂φ
†
i
− 1
2
iψiσ
µ∇µψ¯k ∂
2K(φ†, φ)
∂φi∂φ
†
k
+ FiF
†
k
∂2K(φ†, φ)
∂φi∂φ
†
k
+
√
2
2
κφ†νλµσ
ν σ¯µψi
∂2K(φ†, φ)
∂φi∂φ
†
k
+
√
2
2
κφν λ¯µσ¯
νσµψ¯i
∂2K(φ†, φ)
∂φk∂φ
†
i
+
1
2
φkµφ
µ
l
∂2K(φ†, φ)
∂φk∂φl
+
1
2
φ
†
kµφ
†µ
l
∂2K(φ†, φ)
∂φ
†
k∂φ
†
l
+κ2λµσ
µνλνψkψl
∂2K(φ†, φ)
∂φk∂φl
+ κ2λ¯µσ¯
µν λ¯νψ¯kψ¯l
∂2K(φ†, φ)
∂φ
†
k∂φ
†
l
+
√
2
2
κλµσ
µσ¯νψkφlν
∂2K(φ†, φ)
∂φk∂φl
+
√
2
2
κλ¯µσ¯
µσνψ¯kφ
†
lν
∂2K(φ†, φ)
∂φ
†
k∂φ
†
l
+
√
2
4
iκλµσ
µψ¯iψkψl
∂3K(φ†, φ)
∂φ
†
i∂φk∂φl
−
√
2
4
iκψiσ
µλ¯µψ¯kψ¯l
∂3K(φ†, φ)
∂φi∂φ
†
k∂φ
†
l
+
1
2
iψkσ
µψ¯iφlµ
∂3K(φ†, φ)
∂φ
†
i∂φk∂φl
− 1
2
iψiσ
µψ¯kφ
†
lµ
∂3K(φ†, φ)
∂φi∂φ
†
k∂φ
†
l
− 1
2
ψ¯kψ¯lFi
∂3K(φ†, φ)
∂φi∂φ
†
k∂φ
†
l
− 1
2
ψiψjF
†
k
∂3K(φ†, φ)
∂φi∂φj∂φ
†
k
+
1
4
ψiψjψ¯kψ¯l
∂4K(φ†, φ)
∂φi∂φj∂φ
†
k∂φ
†
l
}
.
SNLgen and S ′NLgen should describe the same physical process in the nonlinear SUSY realiza-
tion. We utilize our new identities to find out the nonlinear total-divergence terms. Taking
1
4
∂K(φ†,φ)
∂φ
†
i
φµ† as a composite field into Eq (18), one has
ˆ
d4x det T
1
4
∇µ
[
∂K(φ†, φ)
∂φ
†
i
φ
µ†
i
]
=
ˆ
d4x det T
[
−iκ
2
2
∂K(φ†, φ)
∂φ
†
i
φ
µ†
i
(
λµσ
νλ¯ν − λνσνλ¯µ
)]
.
(29)
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Taking
√
2iκ
8
(σµψ¯i)α
∂K(φ†,φ)
∂φ
†
i
as a composite fermion field, Eq (17) gives
ˆ
d4x det T
[
iκ3√
2
∂K(φ†, φ)
∂φ
†
i
(
λ¯ρσ¯
νρλ¯νλµσ
µψ¯ + 2λ¯µσ¯
νρλ¯ρλνσ
µψ¯
)]
(30)
=
ˆ
d4x det T
{
− κ
4
√
2
λ¯ν σ¯
ν∇µ
[
σµψ¯
∂K(φ†, φ)
∂φ
†
i
]
+
κ
4
√
2
λ¯µσ¯
ν∇ν
[
σµψ¯
∂K(φ†, φ)
∂φ
†
i
]}
.
Substituting Eq (29), Eq (30) and their conjugate identities back into SNLgen, we obtain S ′NLgen
from SNLgen. For a general Kahler potential coupled to a gauge field, the situation is similar.
The proof is still based on Eq (29), Eq (30) and their conjugate identities. Moreover, Eq
(29) and Eq (30) can be exactly identical to Eq (22) and Eq (23) if let K(Φˆ†, Φˆ) = Φˆ†Φˆ.
Besides the standard nonlinear realization, there are already other formalisms that realize
SUSY algebra nonlinearly. Keeping the dual description in mind, the total-divergence terms
can be easily obtained in these formalisms. We take the chiral nonlinear realization as an
example. In chiral nonlinear realization, the explicit SUSY transformations of the Goldstino
field λ˜ and matter fields ζ˜ are [7], [16], [17]

δξλ˜α =
ξα
κ
− 2iκλ˜σµξ¯∂µλ˜α,
δξ ζ˜ = −2iκλ˜σµξ¯∂µζ˜ .
(31)
In principle, both linear realization and this chiral nonlinear realization can form dual de-
scriptions of the same UV SUSY-breaking theory. The total-derivatives in this chiral nonlin-
ear formalism could be obtained from ones in the linear realization. But such a construction
is not needed in practice, since it is well-known that the chiral fields λ˜ and ζ˜ can be con-
structed from λ and ζ in terms of
λ˜α(x) = λα(ω), ζ˜(x) = ζ(ω), (32)
with ω = x− iκ2λ(ω)σλ¯(ω). So all the identities about λ, ζ can be converted into identities
about λ˜, ζ˜ by changing of variables and adding the Jacobian determinant of the transfor-
mation. This means that different nonlinear realizations could form dual descriptions of the
same theory. For other nonlinear realizations, explicit maps between them and the stan-
dard nonlinear realization has been exactly given in [18]. After changes of variables, the
total-derivatives in these nonlinear formalisms could be obtained from ones in the standard
nonlinear realization. Finally, we pay attention to the constrained superfield formalism,
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which has been proposed to construct nonlinear fields and actions [19], [20], [21]. The con-
strained superfield formalism could be regarded as a regular linear realization with some
constraints. The total-derivatives in the constrained formalism are the same as ordinary
linear ones. The constraints only require that some component fields are not fundamental,
but consist of other component fields.
Acknowledgments
This work is supported in part by the National Science Foundation of China (10875103,
11135006) and National Basic Research Program of China (2010CB833000).
Appendix A: More Identities in Standard Nonlinear SUSY Realization
For a general super-field Φˆ = φˆ+ θfˆ + θ¯ˆ¯g + mˆθ2 + nˆθ¯2 + θσδ θ¯νˆδ + θ¯
2θχˆ + θ2θ¯ ˆ¯ψ + Dˆθ2θ¯2
in linear theory, we always have
´
d4xd4θ∂µΦˆ = 0. In terms of nonlinear fields, one has
ˆ
d4xd4θ det T detM△µΦ = 0, (A1)
where △µ = (M−1)µν(∇ν + κλαν∂α + κλ¯να˙∂α˙) and Φ = φ+ θf + θ¯g¯ +mθ2 + nθ¯2 + θσδθ¯νδ +
θ¯2θχ + θ2θ¯ψ¯ +Dθ2θ¯2. The matter fields in Φ are composites of component fields in Φˆ and
the Goldstino field λ. Their explicit forms are governed by Eq (4).
Defining
detM(M−1)
ν
µ = δ
ν
µ+θψ
ν
Mµ+ θ¯ψ¯
ν
Mµ+θσγ θ¯ν
γν
Mµ+θ
2F ν
Mµ+ θ¯
2F
ν†
Mµ+θ
2θ¯χ¯ν
Mµ+ θ¯
2θχν
Mµ+θ
2θ¯2Dν
Mµ,
where
ψν
Mµα = iκ
[
(σνλ¯µ)α − (σρλ¯ρ)αδνµ
]
,
ν
γν
Mµ = iκ
2
[
ǫνγρδ(λρσδλ¯µ − λµσδλ¯ρ) + ǫγσρδλρσδλ¯σδνµ
]
,
F ν
Mµ = κ
2
[
2λ¯µσ¯
νρλ¯ρ − λ¯ρσ¯ρσλ¯σδνµ
]
,
χν
Mµα =
i
2
κ3
[
2(σρλ¯ρ)αλσσ
σγλγδ
ν
µ + 4(σ
γλ¯σ)αλγσ
ρσλρδ
ν
µ
−2(σν λ¯µ)αλρσρσλσ + 4(σρλ¯µ)αλρσνσλσ + 4(σνλ¯ρ)αλµσρσλσ
+ (σσλ¯σ)αλµσ
ρσ¯νλρ − (σσλ¯ρ)αλµσρσ¯νλσ + iǫγσρδ(σδσ¯νλµ)αλρσγ λ¯σ
]
,
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Dν
Mµ =
1
4
κ4
[
4λσσ
γνλγ λ¯ρσ¯
σσρλ¯µ + 4λµσ
ρσ¯σλρλ¯γ σ¯
νγλ¯σ
−4λµσν σ¯γλσλ¯γσ¯ρσλ¯ρ − 4λ¯σσ¯γσνλ¯µλγσρσλρ
+8λσσ
σγλγ λ¯µσ¯
ρν λ¯ρ + 8λ¯σσ¯
σγ λ¯γλµσ
ρνλρ
+λρσ
σσ¯ν(λγλ¯σ − λσλ¯γ)σ¯γσρλ¯µ + λµσρσ¯γ(λσλ¯γ − λγ λ¯σ)σ¯νσσλ¯ρ
+λµσ
ρσ¯ν(λγλ¯σ − λσλ¯γ)σ¯γσσλ¯ρ + λρσσσ¯γ(λσλ¯γ − λγ λ¯σ)σ¯νσρλ¯µ
+ i(λµσ
ρσ¯δσ
νλ¯ρ + λρσ
ν σ¯δσ
ρλ¯µ)ǫ
σγδǫλσσǫλ¯γ
]
.
Being a matter field in the nonlinear realization, each component field of Φ transforms into
itself and is independent of other fields. Thus Eq (A1) contains nine independent identities.
They are: ˆ
d4x det T
[∇µD + 2iκ2D(λµσνλ¯ν − λνσνλ¯µ)] = 0, (A2)
ˆ
d4x det T (κF ν+
Mµλ¯νψ¯ −
1
2
ψ¯ν
Mµ∇νψ¯ +
1
2
κv
γν
Mµλνσγψ¯) = 0, (A3)
ˆ
d4x det T (κF ν
Mµλνχ−
1
2
ψν
Mµ∇νχ +
1
2
κv
γν
Mµχσγ λ¯ν) = 0, (A4)
ˆ
d4x det T
[
vδν
Mµ∇ννδ + κνδ(λνσδχ¯νMµ + χνMµσδλ¯ν)
]
= 0, (A5)
ˆ
d4x det T (F ν
Mµ∇νn− κnχ¯νMµλ¯ν) = 0, (A6)
ˆ
d4x det T (F ν†
Mµ∇νm− κmχνMµλν) = 0, (A7)
ˆ
d4x det T (κDν
Mµλ¯ν g¯ −
1
2
χ¯ν
Mµ∇ν g¯) = 0, (A8)
ˆ
d4x det T (κDν
Mµλνf −
1
2
χν
Mµ∇νf) = 0, (A9)
ˆ
d4x det TDν
Mµ∇νφ = 0. (A10)
Noticing that Eq (A2) is exactly identical with Eq (18). Eq (A3), Eq (A6) and Eq (A8) are
conjugate identities of Eq (A4), Eq (A7) and Eq (A9) respectively.
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